Intervention: The Pharmacy Quality Commitment (PQC) reporting system was incorporated into the North Dakota Telepharmacy Project. A session was conducted to train pharmacists and technicians on use of the PQC system. A quality-related event (QRE) was defined as either a near miss (i.e., mistake caught before reaching patient; pharmacy discovery), or an error (i.e., mistake discovered after patient received medication; patient discovery).
R ural community pharmacies in the United States face a number of major economic and public policy challenges. One important challenge is that many of these pharmacies operate on lower prescription volumes and operating margins than their urban counterparts. As third-party payers attempt to move patients to mail service pharmacies and as rural patients "bypass" local community pharmacies for those in more distant, urban areas, these volumes and margins have declined even further. [1] [2] [3] [4] Over time, this has led to pharmacy closures, reduced patient access to pharmacy services, and a negative effect on the economic vitality of rural communities. Community pharmacies that manage to survive in rural areas often find it difficult to attract and retain high-quality pharmacy staff. [5] [6] [7] [8] A second major concern is quality assurance. Although community pharmacists in general have become increasingly aware of and have actively worked to minimize the occurence of medication errors, 9 rural community pharmacies are disproportionally concerned with such errors. Rural pharmacies rely almost exclusively on repeat purchases, and medication errors (especially those reaching the patient) affect patient satisfaction and continued patronage severely. 10, 11 Difficulties attracting and retaining qualified staff also may force existing staff into unconventional roles or reduce pharmacist oversight of staff in traditional roles [7] [8] [12] [13] [14] ; this may further increase the potential for medication errors. Understanding medication errors in rural community pharmacies is important for pharmacy and society overall.
Two studies using the direct observation method found a wide range (1.7-22%) of prescription dispensing error rates. 15, 16 Medication dispensing errors received national attention in 2003 when a study conducted by Flynn et al. 15 compared dispensing accuracy rates in 50 pharmacies (26 community chain, 15 community independent, and 9 health-system pharmacies) in six cities throughout the United States. Pharmacies were directly observed by a pharmacist for 1 day, with a goal to inspect 100 prescriptions (new and refill) for dispensing errors, which were defined as any deviation from the prescriber's order. The overall dispensing accuracy rate was 98.3% (range 87.2-100%), and the rates did not differ significantly by pharmacy type or city. In another study, Flynn et al. 16 evaluated the dispensing accuracy and counseling provided in 100 community chain pharmacies. Trained shoppers submitted a new prescription order for one of five study medications to each randomly selected pharmacy. All encounters were recorded on video by ABC News 20/20 staff using hiddren cameras. Of 100 dispensed prescriptions, 22 deviated from the prescriber's order (22% error rate). Of these, 3% were judged to be potentially harmful. 17 A recent study estimated the impact of increased pharmacy technology on medication error rates. More specifically, the study examined whether the use of an automated dispensing machine in two community pharmacies affected medication error rates significantly. 18 During the study period, mean error rates at both pharmacies were between 1.7% and 2.7%. Comparing pretechnology error rates with those after automated dispensing machine adoption, the study found that the technology reduced medication error rates in one pharmacy significantly but did not affect these rates in the other pharmacy significantly. The impact of technology on medication error rates is particularly important to rural community pharmacies for two reasons. First, mail service pharmacies and urban community pharmacies represent the most common alternatives to rural community pharmacies. Using technology to reduce medication errors may provide these pharmacies with a competitive advantage over rural community pharmacies and thereby capture a greater proportion of a rural community pharmacy's already small market base. Second, rural community pharmacies have developed technologies to maintain profitability and retain/restore access to pharmacy services in rural communities. A prime example is the concept of "telepharmacy," where a pharmacist at a traditional community pharmacy (i.e., "central site") uses real-time audiovisual equipment to provide a full set of community pharmacy services at another site (i.e., "remote site"), at a distance. 19 The pharmacist at the central
At a Glance
Synopsis: This study reported a lower overall rate (1.0%) and a slight difference in medication dispensing error rates between remote telepharmacy sites (1.3%) and comparison pharmacies (0.8%), with both rates being comparable with nationally reported levels. The study was conducted in North Dakota among pharmacy staff at 14 remote telepharmacy sites and 8 comparison community pharmacies. During a 45-month period, the remote telepharmacy group reported 47,078 prescriptions and 631 quality-related events (QREs) compared with 123,346 prescriptions and 1,002 QREs in the standard pharmacy group. Results for near misses (pharmacy discovery) and errors (patient discovery) for the remote and comparison sites were 553 and 887 and 78 and 125, respectively. ReseaRch TElEPHARMACy MEDICATION ERROR RATES site uses the audiovisual equipment to supervise technicians' work and counsel patients at the remote site. In many rural areas, telepharmacy technology allows a single community pharmacy to expand its scope of service to smaller communities. It also is commonly used to maintain access to pharmacy services in rural communities whose pharmacy is about to close as a result of impending pharmacist/owner retirement.
Taken in tandem, these considerations pose an interesting issue that has not been addressed in the literature. Greater use of technology has the potential to reduce medication errors. However, the literature also suggests that the ability of technology to reduce such errors depends on the nature of the technology and the setting in which it is used. Rural community pharmacies have access to a technology, namely telepharmacy. The question naturally arises as to whether adopting telepharmacy technology leads to higher or lower medication error rates compared with community pharmacies that do not adopt the technology. If error rates are the same as or are lower than community pharmacies that do not adopt the technology, then a case can be made for continued use of the technology in those settings. Higher error rates in these telepharmacies necessitate a reevaluation of the use of the technology in its current form.
Objective
The purpose of this study is to measure medication dispensing error rates in remote telepharmacy sites and compare the error rates with traditional community pharmacies that do not use the technology. We postulated that remote telepharmacy sites were dispensing prescriptions that met current practice standards. Pharmacists at central site telepharmacies monitored the filling process via video computer links and checked the pharmacy technician's work to ensure that the correct prescription was dispensed. Therefore, the investigators hypothesized that telepharmacy sites were dispensing prescriptions at an accuracy rate equal to contemporary community pharmacy sites.
The analysis focuses solely on remote site telepharmacies rather than the corresponding central sites because the latter essentially function as traditional community pharmacies with a pharmacist present at the site. Concomitantly, remote sites do not have a pharmacist on site and their existence (and any medication errors generated by a remote site) is fundamentally tied to the technology. As such, an analysis of medication error rates at remote sites vis-à-vis traditional community pharmacies provides a clearer characterization of the value of the technology. Analyzing error rates at central telepharmacy sites is not the focus of the current work.
Methods
North Dakota is a highly rural state with an estimated population of 646,844 people in 2009. 20 The population density is less than 9.3 individuals per square mile, which is considerably less than the national average (79.6). 21 Approximately 68% (36 of 53) of its counties are designated as "frontier counties" (six people or fewer per square mile). 21 22 reported medical access problems in rural areas because of hospital and pharmacy closures, greater distance to travel for physicians' services, and limited, if any, choice of providers. In 2000, the North Dakota Board of Pharmacy (NDBOP) determined that more than 26 rural community pharmacies in the state had recently closed. During the previous decade, the national pharmacist shortage meant that newly graduated pharmacists were typically being hired out of state where pharmacy chains were offering relatively larger salaries, leaving few pharmacists to take the place of those who were retiring in small rural communities. 7 In some cases, the pharmacist was the only full-time health care provider in the community, and the loss of the pharmacist meant the loss of local access to health care. 23 that allowed community pharmacies to open and operate in remote rural areas of the state without a licensed pharmacist being physically present in the pharmacy. It also allowed a pharmacist to supervise a registered pharmacy technician at a remote telepharmacy site in the processing of prescriptions for patients. This is accomplished through the use of real-time telecommunications technology and already-existing NDBOP rules that (among other things) require the completion of an American Society of Health-System Pharmacists training program as a prerequisite for becoming a registered pharmacy technician. The latter ensures that all technicians have the competencies necessary to assume unconventional roles in specific pharmacy settings, including telepharmacy, that in a traditional setting, the pharmacist oversees the work of technicians and interacts with patients directly, whereas the telepharmacy model uses audiovisual technology to oversee technicians' work and speak with patients. Currently, 72 pharmacies are involved in the project, including 24 central pharmacy sites and 48 remote telepharmacy sites. 24 Since the project's initiation, numerous other state boards of pharmacy have implemented telepharmacy rules and regulations to facilitate the use of telepharmacy in a variety of medically underserved settings, both rural and urban, and in community and health system practices. 25 These rules and regulations vary by state and may limit or otherwise alter the roles and responsibilities of remote site technicians and central site pharmacists.
North Dakota Telepharmacy Project

Pharmacy Quality commitment system and training intervention
In 2004, the Web-based Pharmacy Quality Commitment (PQC; www.pqc.net) reporting system was initially incorporated into the North Dakota Telepharmacy Project in 16 community pharmacies (8 remote telepharmacy sites and 8 comparison pharmacies not currently using telepharmacy technology). 26 NDBOP sent a letter of invitation to all licensed community pharmacies, and from the list of respondents, eight pharmacies were drawn to participate in the comparison group. Pharmacies in each group were selected to ensure a reasonably even distribution of geographic sites across the state. To ensure a sufficient number of participants and ensure that participants report errors in a consistent and accurate manner, the anonymity of pharmacies included in the study was ensured in all publicly available reports.
All participating pharmacies were community independent pharmacies. Most of the comparison pharmacies were located in rural areas (2,000-20,000 population). The comparison pharmacist owners were considered by peers within the state to be progessive, providing a full range of high-quality pharmacy services. These owners and their staff pharmacists routinely acted as pharmacy preceptors; were involved in state association activities, often as board members; and provided disease management services. Most participating pharmacies had one to four staff pharmacists and prescription volumes between 75 to 400 per day.
Most of the central site telepharmacies were located in rural communities (1,500-5,000 population), were staffed by one to three pharmacists, and had prescription volumes between 75 and 250 per day (exclusive of remote site activity). Remote site telepharmacies had a staff of one to two pharmacy technicians (overseen through the use of telecommuication equipment by the pharmacist at the central pharmacy), were located in smaller rural communities (usually less than 1,500 residents), and had prescription volumes between 40 and 100 per day.
Kenneth Baker and David Brushwood developed and marketed PQC as a dispensing error reporting system and quality improvement system for pharmacists. 27 The system focused on two general types of quality-related events (QREs). An error was defined as a mistake that gets to the patient. A near miss was considered a success because pharmacy personnel caught the problem before the prescription was delivered to the patient. Baker and Brushwood proposed that pharmacists and pharmacy technicians catch most mistakes before they get to the patient. Hence, near misses occur much more often than errors. The system was designed to allow a meaningful entry by the pharmacist in a short period of time (about 30 seconds). With this system, pharmacists were allowed to gather and use information in a continuous quality improvement (CQI) process to improve the dispensing process and prevent or reduce errors.
A major concern of the investigators was avoiding the mindset of "shame and blame" concerning medication errors. Instead, the focus of the project and the training seminars was to adopt a nonblaming approach and to follow the Institute of Medicine's problem-solving and CQI approach. 9 The comparison group received the training concurrently with the remote telepharmacy sites. A 2-hour training session was conducted to train pharmacists and pharmacy technicians to use the PQC system. The training session included an overview of the Sentinel System and Quality Manager, as well as hands-on use of the PQC system. 27 In 
Data collection
Each pharmacy was asked to use the Web-based PQC system to report the following categories: ■ New or refill prescriptions ■ Type of dispensing error (i.e., incorrect drug, incorrect strength, incorrect directions, refill incorrect, incorrect quantity, other) ■ Where in the process the mistake was made (i.e., receiving incomplete or missing patient information; entry process mistakes including selected incorrect drug, selected incorrect patient or profile, selected incorrect strength, entered incorrect directions, incorrect refill information, other; filling process including selected incorrect drug, selected incorrect strength, placed incorrect label on container, incorrect quantity, other; other interventions including pharmacist drug review, counseling and delivery, discovered physician or nurse error, other). ■ Where the mistake was caught (i.e., final pharmacist check, partner check, audit, patient discovery, entry, filling, counseling, delivery, other). Pharmacists generally appointed technicians as quality supervisors for each pharmacy site to ensure that everyone at the site was trained and mistakes were routinely reported. Each
ReseaRch TElEPHARMACy MEDICATION ERROR RATES site was asked to report mistakes on a daily basis, either using the Web-based system or the peer review audit form, in which case mistakes were recorded on the PQC system at least once per week.
evaluation study design and data analysis The evaluation's design was consistent with a simple, crosssectional, pilot study (also known as a preexperimental, staticgroup comparison design), with a single control group (traditional community pharmacies) and a single test group (remote site telepharmacies). 28 As noted above, 8 pharmacies were included in the control group and 14 remote site telepharmacies in the test group. To ensure pharmacy anonymity and keep the analysis tractable, a decision was made to aggregate the data across all sites in each group. Moreover, because the level of the evaluation analysis was conducted at the level of the group (and not at the level of the QRE), the NDSU Institutional Review Board approved the study.
All QREs were entered into the PQC system, 27 which is Health Insurance Portability and Accountability Act compliant and approved by the National Alliance of State Pharmacy Associations. Each participating pharmacy (central, remote, or comparison site) was given a password-protected account. If central telepharmacy site pharmacists oversaw two or more remote telepharmacy sites, they could only access data for their central site and remote site(s). The project investigators had management access to all sites in the project, and the primary emphasis was to examine trends in the aggregated data for the sites, rather than examine specific data for a specific pharmacy. All data were encrypted before transmitting to ensure integrity and confidentiality of information. No specific patient or provider identifiers were used in reporting.
To ensure consistency in the analysis, the investigators focused on several normalized and nonnormalized variables. First, for each of the two groups, the number of QREs (including near misses [i.e., QREs caught before they got to the patient] and errors [QREs discovered after the patient received the medication]) was determined for each group. Potential drawbacks to using the total number of QREs were as follows: (1) more remote telepharmacies were in the test group (n = 14) than in the control group (n = 8), (2) remote telepharmacies sites were added in two phases, and (3) a typical remote telepharmacy site tended to produce a smaller prescription volume than a traditional community pharmacy. The first of these drawbacks may inflate the number of QREs in the test group (relative to the control group), whereas the latter two may understate this number. To account for these issues, the rates and/or proportions of QREs also were examined. More specifically, the number of total mistakes, pharmacy-discovered mistakes, and patient-discovered mistakes were divided by the total number of prescriptions filled, resulting in the percent of QREs, the percent of QREs not reaching the patient, and the percent of QREs reaching the patient, respectively.
Data were available for the entire 45 months of the project (January 2005 to September 2008), and unless otherwise stated, all empirical analyses covered the entire time frame. However, considering whether the rates of QREs vary by time frame also is of interest. To that end, the comparison and test groups also may be disaggregated by fiscal year (October 1 to September 30). Because the full 2005 fiscal year was unavailable, each dynamic analysis was conducted twice: once for all time frames (years 1-4) and once excluding the first (partial) fiscal year (years 2-4).
The investigators postulated that the remote telepharmacy sites dispensed prescriptions in a manner that met current practice standards. As such, no average differences in the rates and/or proportions of QREs between the control and test groups should occur. Combining this assumption with the experimental design suggested that all null hypotheses operated under the premise that no mean or relative frequency differences existed between the rates of QREs in the control and test groups. Based on this null and the nature of the data, the hypotheses were evaluated using simple hypothesis tests. More specifically, simple (unmatched sample) z tests were used to compare QRE rates across the control and test groups for a given category of QRE. The chi-square test of homogeneity was a Percent of prescriptions that are QREs equals error rate that combines "near misses" and "errors." 
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Results
Dispensing error rate At 45 months, 631 QREs were reported in the remote telepharmacy group (47,078 prescriptions) and 1,002 QREs were reported in the control group (123,346 prescriptions). This study reported a lower overall error rate (1.0%) than the national average and a slight difference in medication dispensing error rates between remote telepharmacy sites (1.3%) and traditional sites (0.8%). Both rates were less than the 1.7% error rate that was reported for 50 community pharmacies. 15 Results for near misses and errors for remote and traditional sites were as follows: pharmacy discovery (631 vs. 887 QREs) and patient discovery (78 vs. 125 QREs), respectively (Table 1) . Later categories of patient-discovered mistakes resulted in an error rate of 0.17% for the remote group and 0.10% for the traditional group. Chi-square tests also indicated that a significant association existed between the type of pharmacy and the time frame of the analysis.
Longitudinal analysis of dispensing error rates
Given the large number of statistics and tests in Table 1 , our findings are summarized in the figures in a longitudinal fashion. Figure 1 tracks the percentage of QREs for both the traditional community and remote telepharmacy groups. The trend for the remote sites decreased from year 1 to 4. For the traditional pharmacy group, the lowest rate was reported in year 1 and a slight increase was reported in years 2 and 3, followed by a slight decrease in year 4 to a level similar to year 1. The overall rate was slightly lower for the comparison group than the remote group, and this rate from years 1 to 4 (P < 0.05) and years 2 to 4 (P < 0.05) was statistically significant (Table 1) .
Pharmacy-discovered mistakes (i.e., percent of QREs that did not reach the patient; near misses) are shown in Figure 2 . The trend showed a declining rate from year 1 through year 4 for the remote telepharmacy group. The comparison group rate increased slightly from year 1 through year 3, then decreased to its lowest level in year 4. The overall rate was slightly lower for the comparison group than for the remote group, and this rate from years 1 to 4 (P < 0.05) and years 2 to 4 (P < 0.05) was statistically significant.
Patient-discovered errors (the percentage of QREs that did reach the patient or actual errors) are reported in Figure  3 . The remote telepharmacy group increased from year 1 to year 3, then decreased during the next year to a low of 0.17%. The comparison group's lowest level occurred in years 1 and 2, then increased during the last two years to 0.20% in year 4. At the end of year 4, the comparison group (0.20%) had a slightly higher error rate than in the remote group (0.17%), although this rate was not statistically significant. The overall rate was slightly lower for the comparison group; however, the remote group showed greater improvement from years 1 to 4, and this rate from years 1 to 4 (P < 0.05) and 2 to 4 (P < 0.05) was statistically significant.
Type of mistake
Having identified longitudinal trends in aggregate QRE categories, disaggregating the aggregate QRE statistics based on subcategories (and tracked cumulatively during the 45 months of the study), in order to identify more detailed differences in QREs across the two groups, was possible. Tables 2 through 4 contain these analyses. Table 2 compares the types of dispensing mistakes, both on total and as a percentage of total QREs, across the two groups of pharmacies. The types of mistakes made for test and control sites that were statistically significant were incorrect strength (27.6% vs. 12.3%, P < 0.05), refill incorrect (4.9% vs. 20.2%, P < 0.05); and incorrect quantity (3.2% vs. 
Where the mistake was made
The results reported in Table 3 contain some striking differences across our control and test groups based on the point at which the mistake occurred. Approximately 70.2% of errors TElEPHARMACy MEDICATION ERROR RATES ReseaRch incorrect refill information (10.4% vs. 22.9%, P < 0.05). The mistakes made in the entry process were the most common major category, followed by mistakes in the filling process. The later category included selected and filled the incorrect strength (38.7% vs. 16.7%, P < 0.05), selected and filled the incorrect quantity (16.8% vs. 32.1%, P < 0.05), and selected and filled the incorrect drug (28.2% vs. 30.8%). Cumulatively, the results in Table 3 suggest mixed evidence about our null hypotheses. The results suggest that significant differences in QREs (both on total and as a rate) occurred across the control and test groups. However, one group does not universally have higher or lower QREs than the other. Rather, remote telepharmacies appeared to be better at reducing QREs related to incorrect refills and incorrect quantities (among other factors), while traditional community pharmacies had lower QREs for (among other factors) selecting the correct drug and selecting the correct drug strength.
Where the mistake was caught A breakdown of the point at which QREs were caught is shown in Table 4 . Overall, the pharmacist check caught 64.8% of mistakes (691 of 1,002), followed by patient discovery (12.6%) and partner check (6.1%). The percentages of "where the mistake was caught" for remote telepharmacy sites and traditional pharmacy sites were pharmacist check (58.2% vs. 69.0%, P < 0.05), partner check (10.1% vs. 3.5%, P < 0.05), and filling (6.2% vs. 3.9%, P < 0.05). Again, whether remote site telepharmacies have higher or lower QREs that are caught depends on the designation of whether the mistake was caught. Of interest, no significant difference were observed across the two groups regarding the rate of mistakes caught by patients.
Discussion
Our empirical analysis yields several major conclusions. First, and most importantly, the study found a difference in medication dispensing error rates between traditional (nontelepharmacy) sites and remote telepharmacy sites. The findings suggest that the error rates of remote site telepharmacies were slightly higher than comparison pharmacies. Thus, we rejected our null hypothesis of no difference in error rates across the two sets of pharmacies. However, given that both groups of pharmacies had rates that were consistent with those reported nationally, 15 the current study's findings suggest (but in no way prove) that remote telepharmacies do not adversely affect public health, patient safety, and the quality of care relative to traditional community pharmacy services. Because of the differences in empirical methodologies and the definition of what constitutes an error, determining whether the error rates found in this study were truly comparable with those found nationally in traditional community settings is impossible. Further work is necessary to corroborate (or refute) this contention.
Second, an analysis of time trends suggests that during the 45 months of data collection, a general decrease occurred in both the total number of QREs (as a proportion of the total number of prescriptions filled) and the rate of QREs that did Figure 1 . Percent of quality-related events Figure 2 . Percent of quality-related events that did not reach the patient
(1,147 of 1,633 total mistakes) were made in the entry process (56.3% for remote telepharmacy and 79.0% for traditional sites), and 24.1% (394 of 1,633 total mistakes) of mistakes were made in the filling process (37.7% for remote telepharmacy and 15.6% for traditional sites). The percentages of "where the mistake was made" for remote telepharmacy and traditional pharmacy sites were entered incorrect directions (31.5% vs. 23.6%, P < 0.05), entered incorrect drug (18.3% vs. 14.3%, P < 0.05), entered incorrect strength (18.6% vs. 10.1%, P < 0.05), and entered
ReseaRch TElEPHARMACy MEDICATION ERROR RATES not reach the patient for the remote telepharmacies. A relatively stable trend in these rates can be established for the traditional community pharmacies. This study began during a period of time in which the North Dakota telepharmacy model was being enacted. Hence, error rates would be expected to decline as pharmacists and their technicians became accustomed to the regulations, protocols, and standards of practice inherent in the telepharmacy model. This further suggests (but again does not prove) that in the long run, the North Dakota telepharmacy model appears to be a relatively safe approach to maintaining and restoring access to rural pharmacy services.
Third, the results suggest that the formation and resolution of QREs is different in remote telepharmacies compared with traditional community sites. Although one would not, a priori, expect the telepharmacy technology to cause the specific differences in QREs (and their resolution) that were identified in the data, they do exist and deserve further scrutiny. Policy makers might want to look more closely at telepharmacy procedures and the practical implementation of those procedures to determine whether refinements can be made to reduce these QREs even further.
Fourth, although a substantial number of studies have been performed in institutional settings (e.g., hospitals, nursing homes), studies in community pharmacies are lacking. Flynn and Barker's 15 study is often quoted as the best study of community studies done in the United States, and it used a direct observational technique to observe medication errors in a single 8-hour period at each pharmacy. In other studies where this was done, the Hawthorne effect (i.e., the tendency of some people to work harder and perform better when they are participants in an experiment) can become a potential confounder. 29 Accordingly, when pharmacists are observed for a relatively short period of time, they might demonstrate a greater level of concentration and vigilance and tend to have one of their best patient safety days. Therefore, a lower rate of errors would likely be reported. Our study was done in a natural setting over an extended period of time (45 months), so the Hawthorne effect (which cannot be entirely discounted) would be expected to have a less pronounced effect.
areas for future research This report did not include an assessment of medication dispensing errors rates between remote telepharmacy sites and the corresponding central pharmacy sites. This is particularly important because pharmacists at the central sites essentially have two jobs: managing activity and prescription volumes at the central site and managing one or more remote telepharmacy sites. The higher workload placed on central site telepharmacists inevitably begs the question as to whether the added workload has any effect on the number and types of medication errors at the central site (i.e., whether the central site staff are taking on more responsibility than they can handle). This question will be addressed in a future article.
This analysis only evaluates medication errors from a narrow perspective in the medication dispensing process. The presence of a pharmacist in a community could affect the quality of drug therapy in that community. Different types of medication QREs could be identified if the focus on patient medication access is expanded beyond dispensing to overall medication use by patients (i.e., patient outcomes of drug therapy) in a community where the pharmacist is physically present versus by a remote pharmacist via telepharmacy. Evaluation of medication QREs across different socioeconomic strata within a patient population also may add valuable information to our knowledge of medication errors, especially if the QREs relate to (1) differences in this broader definition of medication use outcomes and (2) whether an error is found and reported by the patient.
Although a considerable amount of rhetoric concerning the need for patient safety currently exists, very little research has been done to understand the formation of QREs, particularly in community pharmacies. 30 Perhaps more disconcertingly, very few federal dollars (with the exception of HRSA and the Agency for Healthcare Research and Quality) have been expended to sponsor these studies. Although studies in community settings may be more difficult than in institutional settings, wide-based research should be done to establish accurate error rates and to implement quality improvement in these settings so that overall medication errors are reduced and patients receive the highest possible quality of medication care.
Limitations
One limitation was that pharmacists in the North Dakota study were possibly underreporting. Several authors [31] [32] [33] [34] warn about the danger of underreporting when pharmacists are asked to report their error rates. However, even if that underreporting of errors occurred, the rate of underreporting was likely comparable for both groups, in which case the relative comparisons made in this study between the remote telepharmacy and traditional pharmacy groups likely caused any underreporting to cancel out.
Incidence rates for medication error studies depend on the detection method used, including direct observation, chart review, computerized monitoring, and voluntary reporting. 31 Studies have suggested that voluntary reporting such as that used in this study also may result in marked underestimation of rates of medication errors. [31] [32] [33] [34] A large study comparing direct observation, chart review, and incident reporting found that direct observation identified the greatest number of errors. 34 A comparison of computer surveillance, chart review, and voluntary reporting found that of the 617 adverse drug events detected, chart review identified 65%, automated surveillance 45%, and voluntary reporting 4%. 33 Voluntary reporting rates were generally low because of factors such as time pressures, fear of punishment, and lack of a perceived benefit. 33 Improvements in internal reporting have been achieved in nonpunitive reporting environments, 35 but these rates tend to underestimate the true incidence. Because our study involved self-reporting, the possibility of underreporting cannot be dismissed. However, the primary focus of our study is the between-group comparison and not actual rate of errors.
A second limitation was that because this project is essentially a pilot study, the remote and comparison pharmacies were not randomly selected. Instead, participation was voluntary, which suggests that the pharmacies, their owners, and/or the pharmacists involved were progressive and possibly practiced pharmacy at a higher-than-normal level. Hence, the rate of dispensing errors may tautologically be lower than that occurring in other community pharmacies in North Dakota.
A third limitation was that two types of personnel (technicians and pharmacists) participated in the dispensing error reporting. Adherence with mistake reporting was vital to the success of this project, and the investigators provided a number of reminders during the course of the study to reinforce the need to report on a routine basis. Although the investigators stressed the importance of routine reporting, to achieve full cooperation from each of the pharmacies in the study, a decision was made to give each pharmacy the discretion to determine which type of personnel (technician or pharmacist) was responsible for entering the medication error data into Web-based system. Therefore, a potential limitation is that nonstandardized reporting may have resulted from variations in personnel entering medication error data. Last, differences in methodologies and operational definitions may have affected the generalizability of our results. For example, studies that use different definitions of medication errors or that use different techniques to record QREs (e.g., observational techniques versus self-reporting) may obtain different rates than those obtained in the current study. In addition, different definitions of the classes of medication errors (i.e., errors in the entry process versus entering incorrect refill information) may distort the accuracy (if the classes are poorly defined) and precision (overaggregation if classes are correctly defined but in too broad of a fashion) of error rate estimates.
conclusion At 45 months, the North Dakota study reported a slight difference in medication dispensing error rates between remote telepharmacy sites and comparison pharmacy sites. The findings suggest that the error rates of remote site telepharmacies (and the error rates of traditional pharmacies) are consistent with those reported nationally. Also, this study measured where dispensing mistakes were made, followed by where these mistakes were caught. Significant differences were found across the two types of pharmacies in each of these categories, suggesting that the formation and resolution of errors in a remote telepharmacy setting may be fundamentally different than those in traditional community pharmacy settings.
